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FOR 

UNITED STATES OF AMERICA 



SPECIFICATION 

TO ALL WHOM IT MAY CONCERN: 
Be it known that We, 

Mario POLEGATO MORETTI 
Italian citizen 
of CROCETTA DEL MONTELLO - ITALY 

Bruno MATTIONI 

Italian citizen 
of UDINE- ITALY 

Antonio FERRARESE 
Italian citizen 
of ISOLA DELLA SCALA - ITALY 

have invented certain improvements in 

"APPARATUS FOR MEASURING THE BREATHABILITY AND 

COMFORT OF A SHOE" 

of which the following description in connection with the accompanying 
drawings is a specification, like reference characters on the drawings 
indicating like parts in the several figures. 
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BACKGROUND OF THE INVENTION 
The present invention relates to an improved apparatus for measuring the 
breathability of a shoe and its level of comfort. 

It is known that human perspiration occurs by expelling sweat through 
the pores of the skin, which are each connected to sweat glands. 

The generated sweat is liquid, and once it has made contact with the 
warm skin it evaporates, removing its own latent heat of evaporation 
(approximately 580 calories/g at 30 °C). 

This fact cools the skin and activates body thermoregulation. 

Some systems commonly used to measure the breathability of items of 
clothing or shoes relate only to the materials that compose them. 

These systems allow to obtain data related to breathability defined in 
milligrams per square centimeter per hour, or in grams per square meter per 
day. 

The basic conditions of the tests are defined for example in the UNI 8429 
standard, but they cannot be applied for example to an entire shoe, since they 
do not provide the necessary conditions such as the presence of multiple 
layers, the movement of the foot and the different sweat production 
conditions. 

A complex simulation system has also been devised which is based on 
the measurement of the difference in breathability between a water-resistant 
but non-breathable article and an article provided with a waterproof and 
breathable membrane, a system which is therefore partly capable of 
simulating the generation of vapor by the human foot and therefore of 
measuring the vapor permeability of a shoe. 

This system is disclosed in US 4,918,981, which relates indeed to a 
method and an apparatus for testing items to be worn, such as for example 
shoes, gloves, et cetera, that form closed elements for transmitting the vapor 
generated by perspiration. 
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The apparatus comprises a thin, flexible and waterproof closed jacket, 
which is highly vapor-permeable, is inserted in the item to be tested and is 
filled with water. 

The water can be heated in order to simulate the temperature of the body 
5 and produce a high concentration of moist vapor inside the item. 

The amount of humidity transferred to the environment outside the item 
being tested and the amount of humidity absorbed and condensed in the item 
can be measured by means of weight differences on measurements made 
before, during and after the test period. 
10 Still, the application of this system to shoes does not yield uniform and 
reliable results, since the actual operating conditions to which the foot is 
subjected, particularly during walking and/or running, are not simulated, and 
because the microclimate that occurs inside a shoe during use is not 
replicated. 

is Other devices are also known which are capable of producing sweat 
(vapor) in a known quantity, but their adjustment systems are not precise 
enough to be self-adjusting and in any case do not replicate the actual heat 
exchange and vapor exchange phenomena that occur in a foot-shoe system. 
An apparatus for measuring the breathability of a shoe has also been 

20 devised recently and is disclosed in US 6,487,891; such apparatus 
comprises, on a supporting footing, a hollow body made of self-supporting 
material, that reproduces the contour of a foot adapted to support the shoe to 
be tested. 

The body has through holes that are distributed thereon and contains 
25 water. 

A sock made of waterproof and breathable material (membrane) is 
arranged so as to enclose the hollow body. 

A presser element is provided in order to perform relative movements 
with the hollow body between a spaced configuration and a configuration in 
30 which it is compressed against the sole of the shoe. 
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The apparatus further comprises means for heating the water in the 
hollow body to a preset and constant temperature and means for measuring 
the weight of such hollow body together with everything that is associated 
therewith and the shoe to be tested. 
5 Such apparatuses, and in particular the last one, which in practice has 
proved to be qualitatively the best, despite constituting technological steps 
forward, have been found to suffer drawbacks, including: 

— difficulty in inserting the shoe 

— easy rupture of the sock during the test, accordingly causing losses of 
10 liquid that alter the results 

— poor accuracy of the adjustment of the internal temperature, which in any 
. case cannot be diversified according to the various regions of the foot 

impossibility to adjust the amount of vapor generated independently of the 
temperature values 

15 — impossibility to determine the corresponding values of internal relative 

humidity between the shoe and the artificial foot generated after supplying a 

known amount of water 

poor reproducibility of the data (VC < 20%), which makes the data 

scarcely significant and usable 
20 — non-reproducibility of the actual physiological phenomenon of 

perspiration. 

It should also be noted that in any case it is not possible to determine the 
amount of heat, or more generally the energy dissipated by a shoe-foot 
system. 

25 SUMMARY OF THE INVENTION 

The aim of the present invention is to provide an apparatus that is capable 
of simulating the mass and energy exchanges that occur in the human foot 
and can therefore measure the breathability performance of shoes. 

Within this aim, an object of the invention is to provide an apparatus that 
30 is capable of predicting the value of vapor permeability, water absorption, 



heat dissipation of a shoe, avoiding subjective thermophysiological tests. 

Another object of the invention is to provide an apparatus that is capable 
of reproducing exactly the microclimate generated inside a shoe. 

Still another object is to provide an apparatus that is structurally simple 
5 and easy to use. 

This aim and these and other objects that will become better apparent 
hereinafter are achieved by an improved apparatus for measuring the 
breathability and the level of comfort of a shoe, characterized in that it 
comprises: 

10 — a rigid structure made of self-supporting heat-conducting material that 
duplicates the contour of a foot, is divided into at least three regions that are 
thermally insulated from each other, and supports the shoe to be tested; 
~ means for heating autonomously each one of said regions of said rigid 
structure to a presettable temperature; 

15 — at least one cladding made of a soft material whose structure is permeable 
to liquids and is capable of absorbing water and distributing it over the entire 
surface of the rigid structure that it surrounds; 

— means for sensing the external temperature .of each one of the regions of 
said at least one cladding that correspond to the regions of said contour; 

20 — means for the metered supply of water to said structure with its claddings; 

— means for determining the power dissipated in order to keep constant the 
temperature of said regions. 

BRIEF DESCRIPTION OF THE DRAWINGS 
Further characteristics and advantages of the apparatus according to the 
25 present invention will become better apparent from the detailed description 
of an embodiment thereof, illustrated by way of non-limitative example in 
the accompanying drawings, wherein: 

Figure 1 is an exploded view of a part of the apparatus according to the 
invention; 

30 Figure 2 is a perspective view of a supporting structure that duplicates the 
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contour of a foot, comprised within the apparatus according to the invention; 
Figure 3 is a transverse sectional view of the structure of Figure 2; 
Figure 4 is a side view of part of the structure of Figure 2; 
Figure 5 is a schematic side view of the apparatus according to the 
5 invention; 

Figure 6 is a functional diagram of part of the apparatus according to the 
invention; 

Figure 7 is a schematic block diagram of the apparatus; 
Figure 8 is an electrical diagram of the apparatus according to the 
10 invention; 

Figure 9 is a schematic side view of an alternative embodiment of the 
apparatus according to the invention; 

Figure 10 is an enlarged-scale side view of a detail of Figure 9; 

Figure 1 1 is a plan view of the detail of Figure 10. 
15 DESCRIPTION OF THE PREFERRED EMBODIMENTS 

With reference to the figures, an improved apparatus for measuring the 
breathability of a shoe comprises a central rigid structure 10 made of heat- 
conducting self-supporting material, such as aluminum or the like, which 
reproduces the contour of a foot and is designed to support the shoe to be 
20 tested, which is designated by the reference numeral 11. 

The structure 10 is divided into at least three regions that are thermally 
insulated from each other and correspond to regions of the foot where 
differences in thermal conditions have been observed experimentally. 

As mentioned in the case being considered, it is preferable to divide the 
25 structure 10, for example by means of silicone diaphragms 10a that isolate 
its thermal conditions, into five regions: the toe 10b, the inner sole 10c, the 
outer sole lOe, the instep lOf and the heel lOg. 

The apparatus further comprises means for heating independently each 
one of said regions 10b, 10c, lOe, lOf and lOg of the rigid structure 10 to a 
30 presettable temperature; said heating means are constituted, in the case being 
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considered, by resistive elements, designated by the reference numerals 13b, 
13c, 13e, 13f and 13g respectively, which are electrically powered and can 
be adjusted for example by means of thermoregulators 14b, 14c, 14e, 14f 
and 14g. 

5 The resistive elements are conveniently embedded in the material that 
constitutes the structure 10. 

The structure 10 is surrounded by a cladding 12 made of soft material 
(having for example a hardness of 20-30 ShA) that is permeable to liquids, 
such as an open-cell polyurethane, or felt, or textile material capable of 
10 absorbing water (to approximately 400% by weight) and of distributing it 
over the entire surface of the structure 10. 

Sensor means for sensing the external temperature of each one of the 
cladding regions that correspond to the regions of the structure 10 are fixed 
to the cladding 12, for example by means of stitched seams, and are 
15 constituted for example by thermocouples, designated by the reference 
numerals 15b, 15c, 15e, 15f and 15g respectively. 

Figure 8 is an electrical diagram, which shows that the line of the main 
power supply at 220 V, designated by the reference numeral 40, is divided 
into two lines 41 and 42, which are powered respectively at 12 V and 24 V 
20 by way of two transformers 41a and 42a. 

The thermoregulators 14 are arranged in a parallel configuration on the 
24-V line 42; the thermocouples 15, an electric fan 27 with the timer 27a and 
the corresponding switches, a load cell 17 and a pneumatic electric valve 26c 
with the corresponding switch are associated with said thermoregulators 14. 
25 The resistive elements 13, together with the corresponding switches, are 
arranged in parallel on the line 41 . 

Protective fuses are generally designated by the reference numeral 45. 
The elements of this electrical diagram are explained hereafter. 
The structure 10 can be fixed, with the interposition of the load cell 17, to 
30 a first actuator for vertical reciprocating translational motion, such as a 



pneumatic cylinder with a stem 18. 

Said pneumatic cylinder 18 is rigidly fixed to a beam 19a of a frame 19. 

The frame 19 rises from a footing 19b, on which a carriage 23 that 
supports a free roller 24 can slide in a downward region along straight 
5 guides 22. 

Said carriage 23 is actuated by a second reciprocating translational 
motion actuator, such as a stemless pneumatic cylinder 25, so as to perform 
reciprocating movements, cooperating with the structure 10 to simulate the 
human walk. 

10 The first and second reciprocating translational motion actuators are 
functionally connected to speed and synchronization control means 36, 
which consist of pressure control valves; said valves vary the pressure with 
which the fluid flows inside them, thus varying its speed and therefore the 
frequency of the rise and descent of the pneumatic cylinder 18 and the 

15 frequency of the forward and return stroke of the stemless pneumatic 
cylinder 25. 

In this manner, since operation of said valves can be synchronized, they 
allow to simulate walking at a variable speed. 

A first stroke limit sensor 26a and a second stroke limit sensor 26b for 
20 said carriage 23 are arranged on the footing 19b, respectively at the front and 
at the rear of the carriage 23. 

Said sensors cooperate with a pneumatic electric valve 26c, which 
regulates the flow of air inside the first and second actuators. 

There are also ventilation means for ventilating the structure 10, such as 
25 for example an electric fan 27 arranged in front of the region occupied by 
said structure 10. 

There are also supply means for the metered supply of water to the 
various regions of the structure 10 with its claddings; said means are 
constituted for example by a precision pump 30 (for example a peristaltic 
30 pump that is also capable of pumping simultaneously a plurality of ducts, 



one or more for each region of the structure 10) driven by an electronic 
control unit 3 1 . 

The water is made to flow into the regions of the structure 10, which are 
kept at different temperatures, and is distributed by ducts 33, arranged in the 

5 structure 10, by way of holes 34 that lead out from it. 

There are also measuring means for determining the electric power 
dissipated in order to maintain a constant temperature of said regions of the 
structure 10; said means are constituted for example by wattmeters 32, 
which are connected to the unit 3 1 like the means for heating the structure 10 

10 and for sensing the temperature. 

There are also humidity sensing means for determining relative humidity, 
which are constituted for example by humidity sensors 35, which are also 
connected to the unit 3 1 . 

Operating principle is as follows: the carriage 23 performs a translational 

15 motion, by way of the actuation of the stemless cylinder 25, from the stroke 
limit position arranged to the rear of the structure 10 toward the front region, 
thus activating the second sensor 26b; at this point, the stemmed pneumatic 
cylinder 18 starts to descend, entraining the structure 10 with the shoe 11 to 
be tested fitted thereon. 

20 When the structure 10 descends, the free roller 24, rigidly coupled to the 
carriage 23, rolls on the sole of the shoe 1 1 in order to simulate the walking 
action. 

During this step, the stemmed pneumatic cylinder 1 8 continues to push, 
simulating the weight of the user of the shoe; the load cell 17 acts as a 
25 feedback control element in order to dose correctly the distribution of the 
load on the shoe during the walk simulation. 

When the carriage 23 reaches the first front stroke limit sensor 26a, the 
stemmed pneumatic cylinder 18 rises, carrying the structure 10 with it. 

Then the carriage 23 is returned by the stemless cylinder 25 toward the 
30 rear stroke limit sensor 26b to start a new cycle. 



When deemed necessary, it is possible to operate a fan 27 in order to 
simulate the action of air on the shoe 11; said fan 27 is controlled by a timer 
27a. 

An alternative embodiment of the invention, shown in Figure 9, uses a 
plate 140 that can slide on the surface of the free roller 124 for the resting of 
the sole of the shoe to be tested 1 1 during the stroke of the carriage 123. 

The plate 140 is rigidly coupled to the frame 1 19 and to the roller 124 so 
as to vary the inclination of the contact with the sole of the shoe 1 1 from an 
inactive position to a position in which said plate is substantially horizontal. 

This inactive position corresponds to a position in which the end of said 
plate that is directed toward the heel of the shoe 11 is higher than the 
opposite end. 

During the stroke of the carriage 123, the plate 140 varies the inclination 
of the contact with the sole of the shoe to be tested 11, by way of the 
combined vertical/horizontal motion of the shoe 1 1 and of the free roller 124 
respectively, which is achieved by way of the stemmed pneumatic cylinder 
118 and the stemless cylinder 125. 

Said plate 140 can slide in a controlled manner by way of a guide 141 
that is formed on the surface of the free roller 124. 

Furthermore, the plate 140 is furthermore rigidly coupled to the beam 
1 19a by its first end directed toward the heel of the shoe 1 1 by way of means 
for returning to the position that corresponds to the step in which the shoe 1 1 
is fully raised. 

Said return means are constituted by elastic elements 143 or, as an 
alternative, by hydraulic pistons being mounted and acting as the element 
143 of Figure 9. 

The variation of the operation of this alternative embodiment is as 
follows. 

During the descent of the structure 110, the sole of the shoe 11 rests 
against the plate 140, which rotates on the free roller 124 until it arranges 



10 

itself horizontally. 

During this step, the elastic elements 143 tend to draw upward the plate 
140 and thus contrast the rotation of said plate. 

When the carriage 123 arrives at the first front stroke limit sensor 126a, 
the stemmed pneumatic cylinder 118 rises, carrying the structure 10 with it. 

Then the carriage 123 is returned by the stemless cylinder 125 toward the 
rear stroke limit sensor 126b in order to start a new cycle. 

In this step, the plate 140 again changes inclination with respect to the 
sole of the shoe 1 1 , and this corresponds to the lifting of the foot from the 
ground. 

In this manner, the action of the ground on the shoe 1 1 during walking is 
simulated. 

During these operations, the water flows into the heated structure 10 in 
quantities that can be preset by the operator and wets the cladding 12, which 
distributes it by way of its structure. 

The water evaporates, simulating human perspiration in a manner that is 
physiologically almost perfect. 

The water stream is regulated in two separate manners: for tests at 
constant humidity and for tests at constant flow-rate. 

For constant-humidity tests, the shoe 11 to be tested is fitted onto the 
structure 10 and the relative humidity sensors are inserted; said sensors, by 
cooperating with the thermocouples 15, are capable of monitoring the 
microclimate that is generated between the wall of the shoe 11 and the 
structure 10 with its claddings. 

Said sensors send a signal to the control unit 31, which activates the 
precision pump 30: when the internal humidity drops below a set minimum 
value, the pump 30 is activated in order to send water to the structure 10 and 
return the humidity to the set value. 

Clearly, the amount of humidity and heat that the structure 10 dissipates 
depends on its physiological properties, which are thus monitored and 
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measured precisely by means of the dissipation of electric power and water. 

For constant flow-rate tests, the structure 10 with its claddings is supplied 
with a known quantity of water and its distribution in the various layers is 
checked during the test together with the resulting humidity values. 

All these operations must be performed in a conditioned chamber with 
constant temperature and humidity. 

By using different shoes it is possible to assess the different breathability 
and absorption capacity. 

By using identical shoes modified in some points it is possible to assess 
their differences and therefore the modifications that have occurred in one 
shoe with respect to the other. 

In practice it has been found that the intended aim and objects of the 
present invention have been achieved. 

The apparatus is in fact capable of simulating the mass and energy 
exchanges that occur in the human foot and is therefore capable of 
measuring the breathability and absorption performance of different shoes. 

The invention thus conceived is susceptible of numerous modifications 
and variations, all of which are within the scope of the appended claims. 

All the details may further be replaced with other technically equivalent 
elements. 

In practice, the materials used, so long as they are compatible with the 
contingent use, as well as the dimensions, may be any according to 
requirements. 

The disclosures in Italian Patent Application No. PD2002A000186 from 
which this application claims priority are incorporated herein by reference. 



